Abstract-AUV docking is a hot topic in underwater robot research. In order to fulfill the mission of docking, AUV needs to have more precise vertical navigation control ability, reduce the depth of the sensor there is a big noise data when calculating the error and AUV vertical depth when motion is not smooth. In this paper, the kalman filter is integrated into the motion control of vertical plane, and the double closed-loop PID cascade control system is designed and not based on the model. The whole control system is divided into two loops, the inner ring for the trim Angle PID controller, the output through the thrust allocation to calculate the required torque and torque, outer ring for the depth of the PID controller, the output for the input of pitch Angle. The kalman filter is integrated into the feedback loop of the depth data to improve the accuracy of the feedback data. The precision of vertical motion control is reflected by the stability of fixed depth navigation. Through the experiment on the lake, the depth mean square deviation of the vertical plane at the speed of 2kn is 0.24m 2 , the mean square deviation of the vertical Angle is 0.18 degree 2 which proves the feasibility of this method.
I. INTRODUCTION At present, AUV have been applied to many fields, such as military ocean technology, marine science and technology inspection, seabed exploration and so on. It usually carries its own energy to work underwater. There are restrictions on working hours and sailing distances. This requires recycling to supply energy, read information and maintain [1] [2] . The AUV docking technology, which can effectively solve the above limitations, has become a hot spot in current research. The AUV docking technology, which can effective solve the above limitations, has become a hot spot in current research.
The AUV docking process is mainly divided into three steps, (1) remote docking stage, (2) near docking stage and (3) terminal guidance stage. The remote docking stage is mainly: AUV performs the docking task after other tasks and enters the docking task area from a distance. Due to the insufficient development of 3d motion control of AUV, the docking process of approaching the docking stage can be divided into two processes, namely, deepening movement and deep sailing. Above the nearing docking stage, USBL is mainly used for data fusion and correction of position information through USBL sensor data and AUV navigation system. The terminal guidance stage is mainly the accurate position correction of the target point by the camera. This paper mainly discusses the deep-seated navigation movement of AUV during the near docking stage [3] [4] [5] [6] .
Fig.1 AUV Docking Process
The depth information of the AUV is provided by the depth gauge and strapdown inertial navigation system (SINS). Due to the advantages of high reliability and complete independence, the strapdown inertial navigation system (SINS) is commonly used for underwater navigation. The SINS provides velocity, position and attitude of the vehicle using the information obtained by the inertial measurement unit (IMU). The IMU is composed of gyroscopes and accelerometers to measure the angular rates and the specific forces respectively. The navigation errors of the SINS increase with time due to the inherent bias errors of gyroscopes and accelerometers. Therefore, in order to improve the navigation performance, it is necessary to introduce auxiliary sensors to limit the error growth of the SINS. Now the integrated navigation system which consists of multiple navigation sensors is widely adopted the integrated navigation system which consists of multiple navigation sensors is widely adopted on underwater vehicles. Depth gauge obtains depth data by measuring water pressure. Depth gauge's error value is not a cumulative error but the noise is added on the basis of the true value [7] [8] .
The sensor noise in the control system affects the control accuracy of the control system and the stability of the control system. The Kalman filter was proposed by Kalman and Bussy in 1960 and 1961. Kalman filter is not only suitable for the stationary system of scalar estimation, but also can provide the unbiased minimum variance estimation for the multi-input multi-output non-stationary time-varying system. In addition, the Kalman filter algorithm is a recursive algorithm that is
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Beijing, China, August 16, 2018 particularly suitable for running on a computer. Therefore, Kalman filtering technology has a very broad application prospect in the fields of space technology, radar, navigation, control, etc [9] [10] .
AUV control technology is one of its key technologies. At the present stage, numerous research achievements have been made at home and abroad. The literature [11] [12] [13] used Lyapunov stability theory and back-stepping method to design underactuated AUV path following control. A complex space 6-DOF movement when AUV is sailing underwater. The AUV is highly coupled and highly nonlinear, making it difficult to establish an accurate mathematical model. Therefore, the above-mentioned model-based control algorithm is difficult to apply well in engineering, and the PID control algorithm is simple in principle, robust, and widely used in engineering.
Based on the above problems, this paper improves on the basis of the traditional PID control and control system. The Kalman filter algorithm is integrated into the control system to improve the accuracy of the sensor data, and a double closed-loop cascade control system is designed. The inner ring of the control system controls the amplitude of the AUV's pitch angle, and the outer ring controls the depth of the AUV, which improves the stability of the AUV when it is deep in navigation. On this basis, the feasibility of this method is verified by experiments on the lake.
II. KALMAN FILTER MODEL
The main noise-producing sensor in the AUV vertical plane motion control system is the depth gauge. Usually the vertical control system only uses depth gauge data which has much noise. The average filter algorithm is generally used to process the depth gauge noise, but the average filter algorithm will cause signal distortion. This article uses the Kalman filter algorithm to integrate the depth meter information with SINS information, and we can restrain SINS 'accumulative error and gaussian white noise error of depth meter.
A. Integrated navigation Model
Integrated navigation usually has direct filtering algorithm and indirect filtering algorithm. The characteristics of the direct filter is simple and clear, easy to implement, but the method of system equations for nonlinear commonly, need general filter processing, and using the state variable is the output of the navigation parameters, have the time difference value is big (e.g., attitude Angle), can bring some difficulties to computing, affect the accuracy of estimates, not suitable for occasions with higher accuracy requirements. The indirect filtering algorithm takes the error of each subsystem as the system state variable, that is, the error of the navigation output parameter as the filtering estimation object. Above indirect method filtering, the Kalman filter receives the difference between the navigation subsystem and the same navigation output parameter. And Kalman filter obtains the optimal estimate of error amount through filtering calculation. The indirect filtering algorithm has small computation and high accuracy. Indirect filtering algorithm is also used in this paper [14] . The algorithm diagram is shown in figure 2: 
B. Kalman filter
The Kalman filter is based on the principle of minimum variance, It is suitable for recursive filters of time-varying systems, which are mainly divided into two stages of estimation prediction and measurement modification.
Estimated prediction stage:
Measurement correction process:
In the formula,
is the estimated value of the filtering at time k+1.
is the actual value obtained by filtering the signal at the time of k.
is the predicted mean squared error of the signal at k+1. ) | ( k k P is the estimated mean square error of the signal at time k. 
C. Depth gauge and SINS vertical data error model
AUV uses depth gauge with water pressure as a measurement. The analog signal output by depth gauge is converted by AD to transmit data to the computer. Ignoring the nonlinearity of depth gauge, depth gauge's error model is built into first-order markov process.
w is white noise.
From the formula of the specific force equation, it can be deduced that the error equation of SINS 'celestial velocity in the navigation coordinate system is:
All parameters in the above equation are parameters in the navigation coordinate system. f is the specific force. is the autobiographical angular velocity of the earth around the polar axis. is the latitude.
is the length of the u-bend. is the length of the meridian.
is height. U  is calibration error.
In order to reduce the computational complexity of the filtering equation, equation (7) is simplified appropriately with the guarantee of precision. In equation (7), since the magnitude of Since AUV's motion velocity is not large, it is generally kept within 10kn, and when the latitude error is small, the relevant terms of point L and V can be removed, so the equation of celestial velocity error can be obtained as follows:
The vertical direction error equation is:
D. AUV Vertical Motion Filtering Model
AUV underwater vertical motion process is a nonlinear process. However, the slower vertical movement of AUV during underwater sports is a weak maneuver. So the linear model can be used as the system model of the filtered signal.
Vertical Plane Motion Model:
can be obtained from equations (6), (8) and (9) .
If the difference between the depth value of SINS output and the depth value of depth meter output is taken as the observation quantity, the observation equation is:
is the zero mean measurement white noise.
III. AUV VERTICAL PLANE MOTION CONTROL

A. Pitch angle control analysis
The depth change of AUV during the deepening movement is generally affected by two parts, one is due to the presence of trim, and the other is due to the non-zero force of AUV in the vertical direction. Therefore, it is not only necessary to control the depth value, but also to control the pitch angle of the AUV.
AUV's horizontal rudder angle is , The pitch angle is . The force in the vertical direction of the AUV is ) , (   F . When the AUV performs a submarine mission, the rising rudder angle of the rudder reaches a maximum value max  and the pitch angle reaches a certain value :
In the above formula G is gravity for AUV. buoyancy F is the buoyancy that provides water to AUV.
At this time, it is not possible to provide a lifting force for the AUV by adjusting the rudder angle. In order to ensure that AUV has a rudder effect during deep motion, it is necessary to control the range of the pitch angle while deepening the motion.
B. Depth and pitch angle double closed-loop cascade control system
The traditional vertical control methods are mostly single closed-loop PID control systems [15] . That is to say, the depth error is used as the error feedback. The depth control does not take into account the pitch angle, and the depth is not taken into account when controlling the pitch angle. Because of the existence of the secondary loop, the cascade control system has the effect of controlling the interference into the secondary loop, thus reducing the influence of interference on the primary variable, and the cascade control system has a certain degree of robustness. Based on the single closed-loop PID control system, this paper combines the control systems of depth and pitch angle to design a double closed loop cascade control system. The PID control algorithm uses a segmented PID control algorithm. The segmented PID control algorithm uses different PID parameters depending on the operating speed of the AUV. The PID control parameter values used by AUV at different speeds are determined empirically. The inner loop uses PD control [16] [17] [18] . The outer ring uses PI control. The discrete PID control algorithm is:
IV. ANALYSIS OF TEST RESULTS
A. The simulation verification
In order to verify the validity of the algorithm, part of the depth sailing data of 2016 sea experiment were selected. Select the obtained data as the navigation data of a fixed depth of 50 meters. The simulation result is in the fig 4. 
B. The lake test
The AUV used in this test was 9.5 meters long and 534 mm in diameter. The net weight in air was 1.5 tons, the maximum dive depth was 200 meters, and the maximum rudder angle was 25 degrees. Before and after the AUV equipped with slot thruster, the maximum speed of 1800 rpm, its form shown in Figure 4 . The Sensor accuracy is in table 1. 
C. Deepen motion control
In order to compare the influence of the Kalman filter on the control, an experiment was carried out that the AUV was guided by a depth of 6.5 meters to a depth of 12 meters. Through experimental comparison, it is found that different filtering algorithms have little effect on the rise time of AUV deepening motion and have certain influence on the overshoot. The average overshoot of the filter is 27.2%, and the Kalman filter algorithm is used to filter the depth meter and the overshoot is 18.1%. The peak time is shortened by about 7 seconds. It can be seen that using the Kalman filter algorithm to process the depth gauge data will optimize the depth control effect to some extent. 
D. Deep sailing
When the AUV reaches a steady state during deep sailing, only the AUV's horizontal rudder and main thruster are used to adjust the AUV's own state. The following is a depth image of the section with a speed of 2 knots and a depth of 12 meters. Fig.8 The average filtering depth of the 12-meter navigation error and pitch curve. By comparing the data in the same time period of the speed 2kn and the depth 12m, the mean average value of the filtering is 12.01m, the mean square error is 0.46m2, and the mean square deviation of the pitch angle is 0.24 degrees 2. The mean value of the Kalman filter is 12.03m and the mean square deviation is 0.24m2, the mean square deviation of the trim angle is 0.18 degrees 2.
In order to further compare the control conditions and rudder conditions when using the two algorithms, a comparative test of the navigator at 2kn, 3kn, and 4kn was performed. The depth of two kinds of algorithms participating in the control at different speeds and the rudder conditions are shown in Table 2 . 
V. CONCLUSION
According to the requirement of depth data and the requirement for AUV navigation stability in AUV docking experiment, this paper designs a Kalman filter-based deep pitch double closed loop control system. Through the lake test, it is verified that the Kalman filter is used to integrate SINS data with depth gauge data to improve the accuracy of the AUV depth data, and the performance of the control system is also optimized. And the stability of the AUV in the course of a fixed depth voyage is improved.
